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(57) Abstract 



Gels made of 100 parts of Styrene-eiastomer-styrene triblock copolymers and more than 300 parts of an oil which softens 
and extends the elastomer mid-block of the copolymer are rendered resistant to oil exudation under pressure by incorporation of 
a styrene-elastomer diblock copolymer. Preferred triblocks are styrene-ethylene/butylene-styrene and preferred diblocks are sty^ 
rene-ethylene/propylene. Use of the gels as sealants in enclosures for electrical connections designed to hold the gel under com- 
pression is disclosed 



FOR THE PURPOSES OP INFORMATTON ONLY 



Codes used co ideniiiy Stales 
applications under the PCT. 

AT Austrtu 

AU Ausiralia 

BB Barboiios 

BE Bufgium 

BF Burkina Faso 

BC Bulgaria 

BJ Benin 

BR Bnwil 

CA CtnaJa 

CF Clcntral Arrican Republic 

CC Congo 

CH Swiucrland 

CX Cole d'Uroirc 

CM Canwroou 

CS Ceccfaoslovuku 

CZ Cuxb Republic 

DC Ccrmany 

DiC Ucnniark 

BS Spain 



party to the PCT on the froni pages 



Ft Finland 

FR France 

CA Gabon 

CB LTnitied Kingdom • 

CH ' Guinea 

GR Greece 

HU Hungary 

tE Iretind 

IT UaJy 

Jp Japan 

KP DcmocraUc People's Republic 

of Korea 

KR Republic of Korea 

Lt [Jechtenstuin. 

LK Srt Lanka 

LU l^uxenibuurg 

MC Monaco 

MC Madagascar 

Ml. Mali 



pamphlets pufolishin^ international 



MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


NZ 


New ZealamI 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SK 


Slovak Kcpublic 


SN 


Senegal 


su 


Soviet IfnioR 


TO 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United States of America 



wo 93/05113 



PCT/GB92/01627 



GELS 



This invention relates to a gel composition, preferably a soft 
high temperamre-slump-resistant. springy gel composition, by 
which is meant a liquid-extended polymer composition having a 
cone penetration value measured by a modified version of ASTM 
D217. as described in WO8800603 tRK308). the disclosure of 
which is incorporated herein by reference, within the range from 
100 to 400, (preferably 100 to 350), 10"^ millimetres: an ultimate 
elongation (measured by ASTM D4I2 as described in WO8800603) 
greater than 100%. with substantially elastic deformation (i.e. 
substantially no hysteresis) to an elongation of at least 100%: 
ultimate tensile strength (modified ASTM D412 as described in 
WO8800603) less than 1 MegaPascal: dynamic storage modulus (as 
described in WO8800603) less than 50000 Pascals; and 
substantially zero slimip at temperatures up to 120^C. preferably 
I50°C. especially 180^C. The composition may either contain a 
three-dimensional network of cross-linked molecular chains (gels) 
or may merely behave as if It contained such a network (gelloids). 
both being included in the term "gels" as used hereinafter. 

The invention is more particularly concerned with such gel 
compositions comprising a styrene-elastomeric block-styrene 
triblock copolymer, preferably a styrene-alkylene-styrene block 
copolymer having relatively hard polystyrene end blocks and 
relatively elastomeric (preferably hydrogenated rubber) mid-block. 
Examples of such copolymers include polystrene-polybutadiene- 
polystyrene (SBS) and polystyrene-poly(ethylene /butylene) 
polystjnrene (SEBS) triblock copolymers. 

These soft, slump -resistant springy, triblock copolymer gels 
with which the present invention is concerned, hereinafter 
referred to for brevity as "S-Gels'\ are well suited, inter alia , for re- 
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enterable sealing of electrical connecuon enclosures. Examples of 
sucii S-Gels are described in WO90/05166 {RK403). 

In use, it is often desirable to hold these gels under 
compression, the pressure .encountered in practice being reasonably 
gfmttiflt^prf in the laboratory by applying pressure of 50 kPa to 15 mm 
riiatnPtAr rotmd dlscs of the gel. At such pressures we have 
discovered that the S-gels containing more than 400 parts by weight 
especially more than 500 parts by weight of the extender liquid per 
100 parts by weight of the gel-forming block copolymer ft^e. less than 
20%, especially less than 16.79% copolymer) tend to suffer from 
exudation of the extender liquid. At higher pressures, gels containing 
as little as 300 parts by weight of the extender liquid per 100 parts by 
weight of the block copolymer may also suffer from such exudation. 
Gels of higher copolymer content are less affected by such exudation, 
but tend to be too firm for many of the purposes to which S-gels are 
put* The present invention reduces such exudation without 
unacceptably alffti^^g the other properties of the gel and also reduces 
the need for added tackifiers* for oample hydrogenated styrenic 
tackffler resins, or liquid potybutene or liquid polyisoprene tacklfiers. 

The invention accordingly provides a gel composition 
comprising:* 

(a) a slyrene-elastomeric block-styrene triblock copolymer OT* 

(b) a hard block-elastomeric block diblock copolymer (D). the 
elastomeric block of which is compatible with extender E 
(specified below), the amount of D being sufSdent to reduce by 
at least 10% the exudation of E from the composition when 
under compression in use: and 



(c) more than 300. preferably more than 400, especially at leasi 
500, parts by weight of extender liqxiid (E) per 100 parts by 
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weight of T+D, which liqiiid extends and softens the eiastomeric 
blocks of T and of D. 

the composition containing more than 3.1% of T by weight* 
based on the whole .composition and/or containing less than 
20% by weight based on the whole composition of added 
h3^drogenated styrenic tackifler resin, preferably of any added 
taddfier. 

The composition will usually have, or may be adjusted by 
simple trial and error to have, a cone penetration value within the 
range from 100 to 400. (preferably 100 to 350), (10-^ mimmetres); an 
ultimate elongation greater than 100%, with substantially elastic 
deformation to an elongation of at least 100%; ultimate tensile 
strength less than 1 MegaPascal: dynamic storage modulus less than 
50000 Pascals: and substantially zero slump at temperatures up to 
120*^0. 

Tlie weight ratio of D:T is preferably within the range from 5:95 
to 66:34. Hie triblock copolymer (71 preferably has a weight average 
molecular weight (Mw) of at least 120 000, more preferably at least 
150 000, especially a.t least 180 000, and the diblock copolymer (D) 
preferably has Mw of 100000-200000, although the Mw of D is less 
critical than that of T. The Mw may be determined as described in the 
aforementioned WO90/05 166. 

Tbe benefits of the diblock additive D are especially apparent in 
gels containing at least 600, or at least 900* or at least 1300, parts by 
weight of E per 100 parts by weight of T-fD. 

Preferably, the weight of D included is up to 16.5. more 
preferably 13, percent, and/or the weight of T included is up to 23.75, 
more preferably 19, percent, of the total weight of the composition, 
provided that the combined weight of T and D is not more than 25, 
more preferably 20, percent and especially 
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preferably not more than 16.7 percent, of the total weight of the 
composition. The amoimt of D is preferably sufBcient to reduce the 
exudation of E by at least 20%. preferably at least 25%. more 
preferably at least 35%. or especiaHy preferably at least 50%. T and D 
together preferably constitute substamiany aU of the polymer content 
oflhegeL 

Hie hard blocks and the elastomeiic blocks of D are preferably 
compatible with, more prefierabty having the same kind of repeat units 
as. respectively, the hard blocks and the eiastomeric blocks of T. The 
h^ blocks of D preferably comprise polystyrene, and the eiastomeric 
blocks of either or both of T and I> preferably comprise polyalkylene 
blocks, more preferably poiy(ethyIene/butylene) for T or 
poly(etbyiene/propylenel for D. D preferably incorporates not more 
than 50. more preferably less than 40. and especiaUy preferably 20 to 
39. -weight percent of the hard blocks. T preferably incorporates 29 to 
35. more preferably 30 or 31 to 33. iveight percent of the potystyrene 
blocks. 

Because of their improved resistance to exudation of the 
extender Uquid E. the gel compositions according to the present 
invention are weU suited to use in devices comprising an enclosure for 
electrical wires or cables or connections, a body of the gel 
composition, and means for holding the body of gel composition in 
compression against and around the wires or cables or comiections so 
as to seal the enclosure and/or protect the wires, cables, connections 
ete. from contamination or corrosion. For these purposes, the body of 
gel composition may be heW in an insert shell for insertion in the 
enckjsure during installation of the device. Examples of such devices 
are described in the aforementioned .WO90/05 166 and in 
WO90/05401 (B161), the disclosures of both of which are 
incorporated herein fay reference. The devices may be capable of 
closure around an object with one or more bodies of the gel. 
composition carried by the device arranged to make gel-to-gei surface 
contact upon such closure so as to. form a gel-to-gel seal which 
separates at the contact surfeces upon re-opening of the closure. 
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The invention also includes the use of Uie gel composition for 
forming a seal around an object, or between a first object and a 
second object, e.g. for corrosion protection or environinental 



SUBSTITUTE SHEET 
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which separates at t±ie contact surfaces upon re-opening of tiie 
closure. 

The invention also includes the use of the gel composition for 
forming a seal around an object, or between a firet object and a 
second object, e.g. for corrosion protection or environmental 
protection, preferably with the get composition tmder compression 
when forming the seal: and the invention includes a method of 
sealing an enclosure about an object, comprising 

(a) providing an open enclosure member carrying a body of a gel 
composition 

(b) placing the enclosure member about the object and closing 
the enclosure memljer. thereby. 

(c) bringing part of the body of gel Into sealing surface contact 
with ^ r\f^^^^r part of that bocty, or with part of another such 
body of gel carried by the enclosure member, or with the said 
object, and 

(d) securing the enclosure member so as to hold the gel 
composition in the said sealing contact, preferably under 
compression. 

The tnblock copolymer T, the other materials other than D. 
and the general characteristics of the gel composition will 
preferably be as described in the aforementioned WO90/05I66, 
although copolymers T having slightly lower Mw molecular weights 
than those preferred in WO90/05I66 may be desired for some 
purposes. 

The exxender may be as described in WO90/05I66. and is 
preferably a substantially non-aromatic parafflnic/naphthenic 
mineral oil of parafBnictnaphthenic carbon ratio within the range 
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from 1.75:1 to 5:1. preferably 1,77:1 to 3:1. more preferably 1.9:1 
to 2.7:1. and most preferably 2.2:1 to 2.5:1. 

• Preferably, formulations such as those indicated in 

WO90/05166 are modified by replacing a portion of the tribiock 
copolymer specified therein with a larger amoimt of the diblock D 
according to the present invention. The addition of the diblock D 
may usefully increase the tack of the gel, thus reducing the need for 
added tackifiers. which may however be used, for example those 
described in WO90/01566. further to increase the tack if desired. 
Preferably, less than 20%. more preferably less than 15%. 
especially less than 10%. or possibly substantially 0%, of the added 
tackifier, by weight of the composition, will be used. 

Fillers may be added, e.g. up to 10% by weight of the 
composition, to modify or improve handling characteristics, 
examples of suitable fillers being readily selected by simple trial. 
Other additives may be used as described in the aforementioned 
WO88/00603 and WO91/05014 (KE5:373) to improve^ high 
temperature perfomiance and plasticiser. resistance. 

The eiastomeric block of diblock D must be compatible with 
the extender £, preferably being wholly soluble therein, or at least 
extended and softened by E. Copolymer D will be selected to be 
substantially non-migratory, as opposed to the undesirable 
exudation of lower Mw materials. This may imply elastomer chain 
length sufficient to ensure retention in the composition by polymer 
chain tangling, or may impfy hard-block affinity between T and D. 

I. D will preferably be meit-processable under the conditions 

used for this type of gel composition, and its addition to the 
composition will preferably not increase, or may even decrease, the 
modulus measured at 0.1 Hz compared with a gel formed from an 
equivalent amount of copolymer T alone. The preferred materials 
are diblock copolymers with one block being compatible with the 
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extender oil. E^camples include poiysiyrene-poiyisoprene. 
polystyrene-polybutadiene, having* for example. 25%. 30% or 48% 
polystyrene content by weight, pohretyrene-polytethyiene/butylene). 
polysiyrene-polyfethylene/propylene). For long-term thermal 
stability the hydrogenated types (polystyrene- 
poIy(ediyIene/bulylene) or polystyrene-poly(ethylene/propyiene)I 
are pre£erred. 

The following examples are based on 12% of T (Hard S-Gels) 
or 7% of T (Soft S-Gels) with some of T replaced by a larger amount 
ofdifalockD. 

Materials: 

S^S TUblock: Shell Kraton G1651 

poiystyrene^poly(ethylene/butylenej-poly- 
stytsae 

Styrene content 33%^ 



S-EP Diblock 1: SheU Kraton G1701X 

polystyrene-polytethylene/propylene) 
Styrene conteiit 37%. 

S-EP Diblock 2: Shell Kraton G1702X 

polystyrene-poly (ethylene / propylene) 
Styrene content 28%. 

Mineral Oil: FIMA Vestan A360B 
White parafBnic oil 
Viscosity 223 mm^/sec at 20*'C 
Specific Gra:vit)r 0.863 at 20^0 

Antioxidant #1: Irganox 1010 (Ciba-Geigy> 



Antioxidant #2: 



Irganox 1076 (Ciba-Geigy) 
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UV stabiliser: Unuvin 327 (Ciba-Geigy) 

All gels were made on a Z-blade mixer, mixing the above 
ingredients for 50 minutes, at 195-200^C under vacuum. 

TMA softening point (Ts) and Dynamic storage modulus (G') 
were measured as described in the aforementioned WO8800603, 
except that the modulus was measured at 0.1 Hz to approximate 
more closely the conditions of real end use. 

Extender exudation: samples are discs of gel (1 5mm 
diam eter x 5mm thickness) which are supported inside 15mm 
diameter holes cut in a metal block. The lower surface of each disc 
Is supported on a fine mesh, to provide free surface for ex te nder 
loss. A constant pressxire of 50kPa is applied to the top surface by 
means of a weighted piston. The whole assembly is placed in an 
oven at 60*'C. and a weight loss from each disc monitored with 
time. The M (infinity) value quoted is the mass of extender lost at 
equilibrium, expressed as a percentage of the original mass. 
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A. Hard S-Gds 
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B. Soft S-Gels 
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CLAIMS: 

1. A gel compositiozi comprising:- 

(a) a sQnrene-eiastomeiic block-styrene triblock copolymer CP. 

(b) a hard block-elastomerlc block diblock copolymer (D). the 
elastomenc block of which is compatible with extender B 
(specified below)^ the amount of D being siifficient to reduce by 
at least 10% the exudation of E from the composition when 
imder compression in use: and 

(c) more t^an 300, preferably more than 400, especially at least 
500. parts by weight of extender liquid (E) per 100 parts by 
weight of TfDr which liquid otends and soitens the elastomezic 
blocks of T and of D, 

the composition containing more than 3.1% of T by weight, 
based on the whole composition and/or containing less than 
20% by weight based on the whole composition of added 
hydrogenated styrenic tacklfler resin, preferably of any added 
tacklfier. 

2. A gel composition according to claim 1. having a cone 
penetration value within the range from 100 to 400, (preferably 100 to 
350). ilO-^ millimetres): an ultimate elongation greater than 100%, 
with substantially elastic deformation to an elongation of at least 
100%; ultimate tensile strength less than 1 MegaPascal: dynamic 
storage modulus less than 50000 Pascals: and substantially zero 
slump at temperatures up to 120^C. 

3. A gel composition according to claim 1 or 2. containing at least 
3.25%, preferably at least 3,5%, more preferably at least 4%, of T by 
weight of the composition. 
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4. A gel composition according to claim 1, 2 or 3, containing less 
than 15%. preferably less than 10%. or substantially none, of the 
added taddfier. 

5. A gel composition according to claim 1 or 2. wherein the weight 
ratio of D:T is within the range of 5:95 to 66:34. 

6. A gel composition according to any preceding claim, wherein the 
weight average molecular weight (Mw) of T is at least 120.000, 
preferabty at least 150,000, more preferably at least 180,000: and/or 
the Mw of D is 100.000-200.000. 

7. A gel composition according to any preceding claim, wherein the 
amount of D is sufficient to reduce the exudation of E by at least 20%. 
preferably at least 25%, more preferably at least 35%, or especially 
preferably at least 50%. 

8 • A gel composition according to any preceding claim, wherein T 
and D constitute substantially all of the polymer content of the gel. 

9. A gel composition according to any preceding claim, comprising 
at least 600, or at least 900. or at least 1300. parts by weight of E per 
100 parts by weight of T+D. 

A gel composition according to any preceding claim, wherein the 
extender E is substantially non-aromatic parafQnic/naphthenic 
mineral oil of parafRnTc:naphthenic carbon ratio within the range from 

I. 75:1 to 5:1, preferably 1.77 to 3:1. more preferably 1.9:1 to 2.7:1. 
most preferably 2.2: 1 to 2.5: 1. 

II. A gel composition according to any preceding claim wherein the 
weight of D included is up to 16.5. preferably 13. percent, and/or the 
weight of T included is up to 23.75, preferably 19. percent, of the total 
weight of the 
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composition, provided that the combined weight of T and D is not 
more than 25. preferafaiy 20. percent of the total weight of the 
composition. 

12. A gel composition according to any preceding claim, wherein the 
hard blocks of D are compatible with, preferabfy having the same kind 
of repeat ^mit as, the polystyrene blocks of T. 

13. A gel composition according to any preceding claim, wherein the 
elastomeric blocks of D are compatible with the elastomeric blocks of 
T. 

14. A gel composition according to any preceding claim, wherein the 
elastomeric blocks of T and/or the elastomeric blocks of D comprise 
polyallqrlene blocks, preferably poly(ethyiene/butylene> for T or 
poly(ethylene/propylene) for D. 

15* A gel composition according to any preceding claim, wherein D 
incorporates not more than 50, preferably less thaxi 40« more 
preferably 20 to 39. weight percent of the hard blocks. 

16. A gel composition according to any preceding claim, wherein T 
incorporates 29 to 35 weight percent, preferably 30 or 31 to 33 weight 
percent of the polysmene blocks. 

17. A device comprising an enclosure for electrical wires or cables 
or corinections. a body of a gel composition according to any of the 
preceding claims, and means for holding the body of gel composition 
in compression against and around the wires or cables or connections 
so as to seal the enclosure and/or protect the wires, cables or 
coxmections from contaminatioxi and/or corrosion. 

18. A device according to claim 17, wherein the body of the gel 
composition is held in an insert shell for insertion in the enclosure. 
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19. A device according to claim 17 or 18 capable of closure 
around an object with one or more bodies of the gel composition 
carried by the device arranged to make gei-to-gei surface contact 
upon such closure so as to form a gel-to-gel seal which separates at 
the contact surfaces upon re-opening of the closure. 

20. The use of a gel composition according to any of claim 1 to 16 
for fonning a seal arotmd an object or between a first object and a 
second object, preferably with the gel composition under 
compression when forming the seaL 

21. A method of sealing an enciosxore about an object, comprising 

(a) providing an open enclosure member carrying a body of a gel 
composition according to any of claims 1 to 16. 

(b) placing the enclosure member about the object and fixing or 
closing the enclosure monber 

thereabout thereby 

(c) bringing part of the body of gel into sealing, surface contact 
with another part of that body, or with part of another such 
body of gel carried by the enclosure member, or with the said 
object, and 

(d) securing the enclosure member so as to hold the gel 
composition in the said sealing contact preferably under 
compression. 
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